technical methods for success have been established. However, SCNT still has limitations depending on the technical conditions such as embryo culture system, micromanipulation of embryo and donor cell, and activation (Choi et al., 2004; Niemann et al., 2008; Hwang et al., 2013) . Activation of recipient cytoplasm is a crucial step in SCNT. Activation methods of embryo involve ethanol and calcium ionophore treatments, electric stimulus (ES) and so on. However, this activation method has physical and chemical effects on the SCNT embryos (Im et al., 2007) and can induce cellular stress such as reactive oxygen species (ROS) and endoplasmic reticulum stress (ER stress) (Hwang et al., 2012; Lee et al., 2018) .
ER stress is an excessive accumulation of unfolded or misfolded proteins due to a variety of factors in the in vitro environment. Under ER stress conditions in SCNT embryos, embryonic metabolism degeneration and apoptosis by embryo fragmentation can occur (Zhang et al., 2011; Lee et al., 2018) . In the previous experiment, the generation of ER stress according to the activation method of embryo was confirmed, and it was occurred that the high levels of ER stress and cell damage in the treatment of Caionophore (A23187) after ES (Park et al., 2017) .
ER stress inhibitors such as tauroursodeoxychloic acid (TUDCA; Xie et al., 2002; Ozcan et al., 2006) and salubrinal (Boyce et al., 2005) are generally used to suppress ER stress. TUDCA is a known ER stress inhibitor as a chemical chaperone that stabilizes the structure of proteins (Xie et al., 2002) . Salubrinal operate directly on the UPR signal, a defense system by ER stress, to increase ER chaperon (Boyce et al., 2005) .
In this study, we investigated the effect of ER stress inhibitor treatment during parthenogenetic activation of oocytes on the ER stress generation, apoptosis, and in vitro development of parthenogenetic porcine embryos.
Chemicals
All chemicals and reagents were purchased from SigmaAldrich (St. Louis, MO, USA) unless otherwise indicated.
Collection and in vitro maturation of oocytes
Collecting oocyte complexes (COCs) from porcine ovaries obtained from local slaughterhouses by aspiration from the follicles (3-to 6-mm diameter) using a 10 mL syringe with 18-gauge needle. After selecting quality COCs, they were incubated in Tissue Culture Medium 199 (TCM199; Gibco, Grand Island, NY, USA) supplemented with 0.1% polyvinyl alcohol (PVA), 3.0 mM D-glucose, 0.9 mM NA-pyruvate, 75 μg/mL penicillin G, 50 μg/mL streptomycin, 0.57 mM cysteine, 10 μg/mL epidermal growth factor (EGF), 0.01 IU/mL luteinizing hormone (LH), and 0.01 IU/mL follicle-stimulating hormone (FSH) at 39℃, 5% CO2 in air for 42-44 h. 39℃, 5% CO2 in air for 3 h. The concentration of ER stress inhibitor used in this study was previously determined using porcine somatic cells .
In vitro culture and sampling
After ER stress inhibitor treatment, parthenogenetic embryos were cultured in fresh PZM-3 medium at 39℃, 5% Mix II were added to reaction tube at the specified time.
The synthetic DNA products were stored at 4℃ until use.
RT-PCR and RT-qPCR
The expression of x-box binding protein 1 (Xbp1) mRNA was detected by RT-PCR analysis. The expressions of four ER stress-associated genes, C/EBP homologous protein (CHOP), binding protein (BiP), activating transcription factor 4 (ATF4), and glucose-regulated protein 94 (GRP94), and two apoptotic genes, Bcl2-associated X protein (Bax) and caspase-3, were analyzed by RT-qPCR. For
RT-PCR, the cDNA samples were reverse-transcribed according to the manufacturer's instructions using AccuPow- Cary, NC, USA).
ER-stress generation in 1-cell embryos
At the 1-cell stage, although Xbp1 splicing was slightly reduced by ER stress inhibitors, but no difference was observed among treatments in both E and EC group (Fig. 1 ).
However, BiP transcription level in the E group was significantly reduced by salubrinal treatment, and GRP94 and ATF4 transcription levels in EC group were significantly reduced by all treatments (p<0.05) compared to control (Fig. 2) .
Apoptosis in 1-cell embryos
In the E group, there were no significant differences in the transcription levels of apoptotic genes (Bax and caspase-3) among treatments (Fig. 3) . In the EC group, however, both apoptotic genes were reduced by ER stress inhibitor treatments compared to control (p<0.05) except Caspase-3 gene by TUDCA treatment.
ER stress generation and apoptosis in blastocysts
There were no significant differences in Xbp1 splicing and ER stress-associated genes among all treatments and control groups in the E and EC groups (Fig. 4 and 5) except Grp94 transcription level in the EC group, which significantly reduced compared to control by ER stress inhibitor treatments (p<0.05). There were no significant differences in the transcription levels of apoptotic genes (Bax and caspase-3) among treatments in both E and EC groups (Fig. 6 ). (Yoshida, 2007; Sano & Reed, 2013) . It activates apoptosis by increasing the expression of pro-apoptotic protein Bax and caspase-3 (Song, 2012; Sano & Reed, 2013 ). In the previous study, ER stress and apoptosis according to the activation method of porcine parthenogenetic embryos were analyzed, and it was confirmed that ER stress generation and apoptosis were increased in the treated with A23187 (Park et al., 2017) .
In vitro development of parthenogenetic embryos
In this experiment, the salubrinal and TUDCA were used as an ER stress inhibitor to inhibit ER stress and apoptosis caused by activation treatment. It was reported that the TUDCA decreases ER stress-induced apoptosis by regulating intracellular Ca
2+
, and maintain homeostasis using intracellular free Ca 2+ (Beuers et al., 1993a,b; Xie et al., 2002) . In addition, TUDCA and salubrinal have been reported to prevent ER calcium depletion which cause ER stress (Xie et al., 2002; Boyce et al., 2005) .
In this study ER stress inhibitor treatment did not affect the ER stress and apoptosis when oocytes were activated by ES. Contrastively ER stress inhibitor decreased the expression of GRP94, ATF4 and apoptotic genes in the EC group at the 1-cell stage. It is suggested that ER stress inhibitor can reduce the ER stress and apoptosis of parthenogenetic embryos induced by A23187 (Park et al., 2017) .
In this study, the effect of ER stress inhibitor was marginally in XBP1 splicing, ER stress-associated genes and apoptotic genes in the blastocyst stage. In the previous study, when TUDCA was treated for culture period in the SCNT embryos, ER stress and apoptosis were reduced in the blastocyst stage (Zhang et al., 2011 (Zhang et al., , 2012 . ER stress inhibitor treatment during the culture period may have continued to influence the expression of genes in blastocyst. In this study, however, ER stress inhibitor treatment was performed only for activation period, not culture period. A previous our study also showed that the expression of genes in blastocyst stage was minimal when ER stress inhibitors were treated only during the micromanipulation and activation period in the SCNT embryos . In this experiment, the ER stress induced in the early development stage was suppressed by short-term treatment only during the activation period.
In this study, blastocyst formation rate tended to increase when treated with salubrinal or TUDCA alone, but not by the combination treatment of salubrinal and TUDCA. Similar trend was observed our SCNT study .
It seems that combined treatment of both ER stress inhibitors may have an excessive impact on the embryos. However, when the ER stress inhibitor was treated simultaneously as well as separately, the number of cells was significantly increased in all treatment. This mean that the ER stress inhibitor (salubrinal and/or TUDCA) treatment may also have an effect on quality of parthenogenetic embryos.
In conclusion, these results suggest that the treatment of ER stress inhibitor during parthenogenetic activation can reduce ER stress, and thereby reduce apoptosis and promote in vitro development of porcine parthenogenetic embryos. 
